Most women with breast cancer in sub-Saharan Africa (SSA) are diagnosed with late-staged disease. The current study assesses patient-related barriers among women from a general SSA population to better understand how patient-related barriers contribute to diagnostic delays. Using convenience-based sampling, 401 Ugandan women without breast cancer were surveyed to determine how prior participation in cancer detection practices correlate with patient-related barriers to prompt diagnosis. In a predominantly poor (76%) and rural population (75%), the median age of the participants was 38. Of the women surveyed, 155 (46%) had prior exposure to breast cancer education, 92 (27%) performed breast self-examination (BSE) and 68 (20%) had undergone a recent clinical breast examination (CBE), breast ultrasound or breast biopsy. The most commonly identified barriers to prompt diagnosis were knowledge deficits regarding early diagnosis (79%), economic barriers to accessing care (68%), fear (37%) and poor social support (24%). However, only women who reported knowledge deficits-a modifiable barrier-were less likely to participate in cancer detection practices (p<0.05). Women in urban and rural areas were similarly likely to report economic barriers, knowledge deficits and/or poor social support, but rural women were less likely than urban women to have received breast cancer education and/or perform BSE (p<0.001). Women who have had prior breast cancer education (p<0.001) and/or who perform BSE (p = 0.02) were more likely to know where she can go to receive a diagnostic breast evaluation. These findings suggest that SSA countries developing early breast cancer detection programs should specifically address modifiable knowledge deficits among women less likely to achieve a diagnostic work-up to reduce diagnostic delays and improve breast cancer outcomes.
Introduction When patients present with late stage breast cancer, the treatment is more resource-intensive and less likely to result in a cure. In Uganda, up to 89% of women with breast cancer present for treatment at a late stage as the result of a delay in their path to diagnosis. [1] [2] [3] The patient pathway for early diagnosis (Fig 1) consists of two phases including the patient interval (time between the development of breast symptoms and presentation to a health center) and the diagnostic interval (time between presentation to a health center and completion of a diagnostic work-up) [4] , with mean patient and diagnostic intervals of 29 months [5] and >6 months, respectively. [6] Each phase is associated with specific breast cancer detection practices that in unscreened populations are associated with increased rates of successful early diagnosis. However, while breast self-examination (BSE) is associated in the patient interval and clinical breast examination (CBE), breast ultrasound and biopsy are important in the diagnostic interval, breast cancer education is essential throughout the patient pathway for early diagnosis, particularly in countries where the referral pathways are not established, such as in sub-Saharan Africa. Given the strong association between delays in the patient pathway for early diagnosis and poor outcomes, [1, 3] shortening the patient and/or diagnostic intervals has potential to improve breast cancer survival.
Prior studies on barriers that Ugandan women encounter in their path to diagnosis have only included women with breast cancer who achieved a diagnostic work-up and received cancer treatment, [5, 7] which account for only 14% of women with breast cancer. [8] Additionally, many of these studies have predominantly selected women from the major urban center of Kampala to the exclusion of rural populations-the majority of Ugandan women. Barriers preventing the majority of women from making it to treatment are unknown. Literature from the U.S. and Europe is not applicable since most breast cancer is detected early through population screening, high awareness, and improved access to healthcare-a logistic impossibility in Uganda where only BSE and CBE are available as detection methods. [9, 10] Furthermore, socially determined factors (e.g., economic barriers to accessing care) in the U.S. and Europe are particularly important to early diagnosis, yet may be less important in SSA where economic barriers are ubiquitous. The effect of barriers on participating in breast cancer detection practices is rarely assessed in SSA as most research is qualitative or descriptive. Assessing barriers women without breast cancer encounter, as it relates to participating in breast cancer detection practices, will help program planners understand the barriers women with breast cancer encounter who are less likely to complete the path to diagnosis-the most common outcome for women with breast cancer.
While breast self-examinations (BSE) and clinical breast examinations (CBE) are no longer recommended for screening in high income countries with access to screening mammography, both are essential and obligatory precursors for early diagnosis in low resource countries. [9] Both also represent key indicators of "awareness" and interaction with the health system, Fig 1. A Diagram Illustrating the diagnostic pathway. Education and breast self-exam lead to recognition of symptoms and breast cancer education facilitates women presenting to the health care system for evaluations (Patient interval). Delays in the patient interval can be caused by patient factors and health system factors, such as location of health facilities. The diagnostic interval extends from a woman presenting to the health system until she achieves a diagnosis, and this interval also includes both patient and health system factors. Treatment interval encompasses the time between a woman achieving a diagnosis and the initiation of treatment. BCE: breast cancer education; BSE: breast self-exam; CBE: clinical breast exam; US: breast ultrasound; Bx: biopsy.
respectively. In addition, CBE represents an important time for clinicians to educate patients about breast health. Both the American Cancer Society and NCCN recommend "awareness", and both BSE and CBE are recommended in the breast cancer detection guidelines for Uganda. [10] In accordance with recommendations by the Breast Health Global Initiative (BHGI) to target social-cultural barriers that contribute to poor breast cancer outcomes, [11] our group surveyed Ugandan women without breast cancer to assess potential barriers along the path to diagnosis. We previously reported lower participation in breast cancer detection practices in women without breast cancer, compared to prior research done in women with breast cancer who accessed treatment, [12] and their participation was further reduced with increased family obligation stressors (i.e., the perceived needs of the family supersede self-care). [13] Similarly, most women believed in cultural explanations for breast cancer (e.g. that carrying money in bras causes breast cancer) rather than scientific causes (e.g. older age, genetics). Also, while many women believed that early detection would result in a cure, most believed by the time they self-detected symptoms it was too late. [14] These results, obtained in women without breast cancer, suggested multiple modifiable factors that could affect women's participation in breast cancer detection practices. Simultaneously, these results seem to contradict the multiple barriers, not modifiable in the near term (socially determined barriers), Ugandan breast cancer survivors and others provided in prior studies (e.g., economic, social support) as possible reasons most women delay diagnosis or do not successfully complete the path to diagnosis.
In the current study, we assess prevalence of patient-related barriers and their associations with breast cancer detection practices in women without breast cancer as indicators of successful progress towards diagnosis.
Methods

Ethics
The survey was reviewed and approved by Ugandan (Makerere University College of Health Sciences Research and Ethics Committee) and US (University of Washington Human Subject Division) institutional review boards and the Uganda National Council for Science and Technology (UNCST). Written and/or documenting consent was waived because this was a minimal risk study and it would have been the only link between the participant and the study introducing a small potential risk of loss of confidentiality. The UWOCASO volunteer solicited verbal consent to each participant individually.
Participants and setting
The protocol was described previously. [12] Briefly, we partnered with the Ugandan Women's Cancer Support Organization (UWOCASO), a group of breast cancer survivors who promote community breast cancer awareness, fundraise to support breast cancer related activities, and act as patient navigators. UWOCASO helped develop and test the Attitudes on Breast Cancer Surveillance and Knowledge (ASK) survey, then recruited participants from a variety of settings (e.g., market places, health fairs) using a convenience-based sampling approach between January and July 2014.
We included women age 25 years and older with no personal history of breast cancer. Trained UWOCASO members interviewed eligible women individually in a semiprivate area. There were 401 participants surveyed: 100 women from the urban capital of Kampala and 301 from rural villages in south central Uganda (Kakuuto and Kooki counties). The ratio of rural: urban women was selected to approximate the proportion of rural women in Uganda (80%). The locations for recruitment in both the urban and rural settings were intentionally selected to increase the probability of sampling poor women and approximate the 70% of Ugandans who are poor or are vulnerable to poverty. [15] These populations of women are more vulnerable to diagnostic delays and poorer outcomes. [16, 17] Participating women received~5 US dollars for travel and their time in accordance with local recommendations.
Measures
The development and testing of the ASK survey have been described previously. [12] In summary, standard methods of cross-cultural adaptation and development of surveys were used [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] along with previously published data [16, 28] and focus groups guided by trained facilitators to identify key constructs related to barriers in breast cancer detection practices. A panel of experts reviewed the barriers these methods identified and recommended additional content for survey items, as needed. The final ASK survey was translated from English (primary language) to Luganda (common local language).
For breast cancer detection practices, women were asked if they had received prior education about breast cancer (yes, no); if they performed a BSE and, if so, the frequency (recoded as ever, never); if they received a CBE in the past year (recent CBE: yes, no); if they ever received a breast ultrasound (yes, no); and if they ever received a breast biopsy (yes, no). Participants were also asked whether they agreed, disagreed, or were unsure about statements related to barriers against participating in breast cancer detection (worded such that agreement was the "incorrect" or undesirable answer). These statements related to barriers were clustered into barrier types ("Economic barriers to accessing care," "Knowledge deficits," "Poor social support," and "Fear") by author consensus (JWS, DH, YM, and JRS).
Data analysis
The Collaborative Data Services at the Fred Hutchinson Cancer Research Center entered the survey data into the DatStat Illume software package (Seattle, WA). A barrier was considered present if the respondent answered "agree" or "unsure" to the corresponding barrier question (undesirable response) and absent if she answered "disagree." Answers were combined against "disagree" (desirable response). The presence of each barrier and barrier type were compared between groups using Fisher's exact test. Binomial regression was used to adjust group comparisons of outcomes for urban/rural setting and age. Differences were presented as probability differences (PDs), with standard errors calculated using robust sandwich estimator. The number of barrier types was compared between groups using the Wilcoxon rank-sum test. All statistical calculations were conducted with the statistical computing language R (version 3.1.1; R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was defined at a p-value of 0.05 or less without adjustment for the number of comparisons.
Results
Population characteristics and participation in different breast cancer detection practices
The sociodemographic characteristics of the included and excluded respondents are summarized in Table 1 . Of the 401 surveyed, 341 (85%) women were included in the analysis after exclusion for incomplete survey responses to barrier-related questions. There were no statistically significant differences in the assessed characteristics between the women included and excluded. Table 1 also characterizes the study population's experiences with different breast cancer detection practices as a group and by geographic location (urban versus rural). In general, the proportion of women not participating in breast cancer detection practices increased as the method became more invasive: had no prior breast cancer education (55%), do not perform a BSE (73%), had not received a recent CBE (85%), had never had an US (95%) and never had a biopsy (97%). We found rural women, compared to urban women, were significantly less likely to have participated in most breast cancer detection practices: breast cancer education (p<0.001), BSE (p<0.001), recent CBE (p<0.001), and biopsy (p = 0.006).
Frequency of type and number of barriers to breast cancer detection in urban and rural women Table 2 shows the frequency of women reporting barriers related to knowledge deficits, economic barriers to accessing care, poor social support, and fear. The most commonly held barriers were related to knowledge deficits (79%), followed by economic barriers to accessing care (68%), fear (37%), and poor social support (24%). "Heard bad things about healthcare" was included as a reason why one might not seek healthcare. However, only 9.6% of women included this response and no one reported this as a "most important" reason for not seeking healthcare. Of the participants, 8% of women reported no barriers, 21% reported a single barrier, 38% two barriers, 21% three barriers, and 13% four barriers. Urban women were significantly more likely to report barriers related to fear (52% v. 33%; p = 0.003). Otherwise, urban and rural women reported no significant differences in barrier types (S1 Table) . There was also no significant difference in the number of reported barriers between urban and rural women.
Associations among barrier-type and participation in different breast cancer detection practices
Because socially determined barriers, such as economic barriers to access and poor social support, would have different implications to early breast cancer detection than modifiable barriers such as knowledge deficits and fear, we next tested for associations between barrier types and participation in breast cancer detection practices (Table 3) . Only knowledge deficits were significantly associated with decreased participation in breast cancer detection practices in the patient interval (breast cancer education, p = 0.005 and BSE, p = 0.002), and trended toward significance in breast cancer detection practices in the diagnostic interval (CBE, breast ultrasound, or breast biopsy, p = 0.066). Socially determined barriers, such as economic barriers to accessing care and poor social support, and a potentially modifiable barrier, fear, were not significantly associated with participation in breast cancer detection practices. The number of barrier types were also not significantly associated with participating in breast cancer detection practices. Adjusting for potential differences among women living in a rural versus urban setting and age had little impact on associations with participation in breast cancer detection practices (S2 Table) .
Because potentially modifiable barriers related to knowledge deficits were the only barrier type significantly associated with participation in breast cancer detection practices, we further analyzed this relationship separated by individual question (Table 4) . Agreeing with the statement "I don't know where I should go if I want to get a breast exam," was the only question showing a significant unadjusted association with lower participation in breast cancer education (p<0.001) and BSE (p = 0.021) in the cohort. The association with breast cancer education remained significant after adjusting for rural vs urban setting and age (p<0.001) while the association with BSE was no longer statistically significant after adjustment (p = 0.1) (S3 Table) . After the setting and age adjustments, associations between BSE and agreement with the statements "I only need a breast exam if I have a breast problem" (p = 0.030) and "I do not need a breast exam because I feel fine" (p = 0.027) became marginally statistically significant while they were marginally not statistically significant during the unadjusted comparisons in Table 4 (p = 0.087 and p = 0.11, respectively).
Discussion
In this study, we evaluated barriers Ugandan women without breast cancer encounter with different breast cancer detection practices as a proxy for understanding the barriers women with breast cancer who are less likely to achieve a diagnosis may encounter along the path to diagnosis. Previous studies showed multiple largely socially determined sociodemographic factors and infrastructure barriers associated with delays in diagnosis, however, we showed that knowledge deficits-a modifiable factor-was the only barrier associated with participating in breast cancer detection practices. These results suggest that program planners in SSA developing early breast cancer detection plans should first focus on strengthening population breast cancer education efforts to improve breast cancer outcomes. Previous studies in predominantly urban Ugandan women with breast cancer who accessed treatment have shown economic barriers to access, poor social support, and other socially determined barriers are prevalent and potentially responsible for poor breast cancer outcomes in SSA. While we similarly found these barriers to be prevalent in the urban and rural Ugandan women without breast cancer, they were not significantly associated with women's participation in breast cancer detection practices. We found that only the modifiable barrier knowledge deficits was associated with participation in breast cancer detection practices. Differences between these studies may be due in part to differences in populations (i.e. our inclusion of rural women) and, in particular, that previous studies focused on the minority of women with breast cancer who successfully accessed treatment, who may not be representative of the broader population of women without breast cancer or those with breast cancer who do not achieve a diagnosis. Another possibility is that barriers not perceived as important by women without a diagnosis become important once diagnosed with breast cancer. Regardless, our results suggest that women without breast cancer represent a distinct population to be considered during program planning for early breast cancer detection in countries where most women do not access treatment. Knowledge deficits were significantly associated with decreased prior breast cancer education and performing BSE-both breast cancer detection practices associated with reduced patient delay. The African Breast Cancer Disparities Outcomes study [1] discovered multiple associations between tumor stage and measures of breast cancer knowledge. Specifically, less breast cancer knowledge led to continual increase in the risk for presenting for treatment at a late stage, and nearly 1 in 5 participants who presented at late stage had never heard of breast cancer. The association between breast cancer knowledge and breast cancer detection practices in the patient interval of both urban and rural women suggests that low-cost education-based interventions could be nationally efficacious.
One notable finding was that overall 51% of women reported that they did not know or were unsure of where to go for a breast examination. This was somewhat surprising because the Ugandan government has built community health centers, in catchment areas of approximately 84,000 people, [29] to provide access to basic healthcare (e.g., antibiotics for diarrheal illnesses, malaria treatment). Because of their proximity and services provided, women are typically familiar with the location of their local community health centers. Our results indicate that many women do not seem to know they can receive a breast examination at their community health center or this service is not offered at these locations and that this lack of knowledge is associated with lower participation in breast cancer detection practices. While health providers at community health centers receive formal education in performing breast examinations, they do not receive updates or mentoring and, thus, some feel uncomfortable with their skills.
[30] Instead, they either refer patients with breast problems to a hospital, located far away, but staffed by a physician, or choose to locally follow women. Perhaps women in the community perceive their provider's discomfort or that "nothing is being done" locally. These factors may contribute to the diagnostic delays associated with late stage diagnosis. These symptomatic women with undiagnosed breast cancer may remain local and/or discontinue their diagnostic work-up (i.e. lost to follow-up). The diagnostic interval represents a critical time to intervene and downstage breast cancer.
We found that urban women reported significantly more fear-based barriers than rural women, with similar economic barriers to access and poor social support. Yet, urban women were simultaneously more likely to participate in breast cancer detection practices at all intervals along the pathway to diagnosis. While there may be underlying confounding factors not elicited in this study, ranging from ethnic or religious differences to greater levels of fear-associated beliefs serving as a call to action, the prevalence of fear-based barriers in urban women without breast cancer suggest that little comfort was derived from participation in breast cancer detection practices. Instead, these findings suggest that breast cancer education could at least partially mitigate or compensate for socially determined barriers such as economic barriers to access, fear and poor social support. These findings also support the BGHI resourcestratified guidelines recommending low-cost strategies, such as strengthening breast cancer education efforts, at the basic level.
Previous studies have used or recommended education as a core component of a comprehensive breast cancer strategy. [1, 6, [9] [10] [11] Despite these efforts, women continue to present predominantly with late stage breast cancer in Uganda and other countries in SSA. [31] These studies suggest that current efforts are inadequate to address barriers thwarting early breast cancer detection. The ASK study was designed to provide more accurate and specific data to help design improved breast health messages for Ugandan women. Future efforts by UWO-CASO will translate these data into more effective breast cancer education to improve population awareness. Simultaneously, our findings suggest that education efforts should extend beyond population awareness and include providers at community health centers, so women can receive CBE and accurate breast information near their homes.
Socially determined factors, such as economic barriers to accessing care, were common in this study and may be difficult to address. [1, 7, 9] Constraints in time, lost potential wages or productivity to seek medical evaluations for preventative care, and the difficulty in accessing medical care, particularly imaging and pathology services, all create a milieu in which the expense of receiving healthcare extends beyond the "cost" of the visit. Shifting from a centralized system to a decentralized one where part of the diagnostic work-up is offered at community health centers may mitigate this ubiquitous barrier. Alternatively, engaging village health teams (local volunteer women educated in health matters and familiar with the health system) to act as patient navigators may ensure more women complete their work-ups at higher level health centers offering these services. Such interventions may reduce the diagnostic interval and help downstage breast cancer at treatment. Matovu, et al previously showed how providing free diagnostic ultrasound locally to women with positive breast examinations reduced the proportion of women with breast cancer diagnosed at a late stage compared to historical averages. [32] This approach may be too expensive to offer every day at every community health center; however, periodic offering with newer portable ultrasound technology, coupled with evaluation of other medical conditions (e.g., obstetrics), may provide a resource-appropriate solution to a growing health crisis in sub-Saharan Africa. [9] Further work is indicated to delineate referral patterns of providers at community health centers and costs and benefits associated with each solution.
This study was limited by its convenience-based sampling and potential generalizability to our study population (women with undiagnosed breast cancer). At least 76% of our surveyed women were below the international poverty line. While Uganda has reduced the population living below the poverty line from 54% (2006) to 36% (2013),[33] 70% of Ugandans remain poor or highly vulnerable to poverty. [34] Poor and vulnerable women are more likely to experience diagnostic delays and not present for treatment. More affluent women do not have the same barriers to accessing breast cancer detection and diagnosis as vulnerable women. Prior studies were confounded by sampling bias by including predominantly urban women with access to a tertiary care center; our inclusion of rural population is closer to the true population distribution of Uganda (80% rural). In addition, the low numbers of participants with a history of CBE, breast ultrasound, or biopsy, particularly among rural women, limited our ability to draw reliable conclusions associated with barriers to accessing breast cancer detection practices related to the diagnostic interval. However, the rates of CBE in urban women (36%) is similar to a prior study in Ugandan women seeking care at a major tertiary hospital. [28] Therefore, while our sample may not be generalizable to the entire Ugandan population, it provides a reasonable estimate of our study population (women with undiagnosed breast cancer), particularly the most vulnerable women most likely to experience diagnostic delays and poor outcomes.
While many barriers to successful progression to diagnosis are not easily addressed in Uganda, improving women's knowledge is a critical, realistic, achievable goal in Uganda and could mitigate the effects of prevalent socially determined factors associated with delayed diagnosis. Addressing this low-hanging fruit could dramatically reduce morbidity and mortality associated with late-stage breast cancer in resource-limited countries. Table. Adjusted associations between knowledge deficits as barriers and participation in breast cancer detection practices. BSE = breast self-exam; PD = probability difference (outcome with barrier minus outcome without barrier);
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